Abstract. As the Mendocino Triple Junction migrates northward along the California margin it is widely presumed to leave a "slab-free" or "asthenospheric" window in its wake. A 250-km-long south-north seismic refraction-reflection profile crossing the transition from transform to subduction regimes allows us to compare and contrast crust and upper mantle of the North American margin before and after it is modified by passage of the Mendocino Triple Junction. From the seismic data we have determined that ( These studies further suggest that (1) the observed upper mantle low-velocity zone is smaller and displaced to the east compared to that predicted by rigid-plate models; (2) the Gorda slab is fragmenting along its southern edge; (3) arc volcanism is being replaced by bimodal volcanism that exhibits a northward decrease in age; and (4) the eastern boundary of the Pacific plate has migrated eastward through a series of jumps of the Mendocino Triple Junction. Some of these complexities may be explained by introducing more complex rheologies and thermal distributions into the simple rigid-plate model of Dickinson and Snyder. For example, thermomechanical modeling
Tectonic and Geologic Setting

Plate Geometry and Cascadia Seismicity
As the Gorda-Pacific plate boundary migrates northward relative to North America, subduction along the Cascadia sub-governed by the transform boundary between the Pacific and North American plates, the San Andreas fault system. Offshore, the boundary between the Pacific and Gorda plates defines the Mendocino fracture zone which juxtaposes the young Gorda plate with the older (---26 Ma) Pacific plate. Kinematic modeling of northward convergence of the Pacific plate with the Gorda plate indicates that the southeastern portion of the Gorda plate, nearest the MTJ, is undergoing the greatest amount of compressional strain in a north-south direction [Wilson, 1986] , further complicating our understanding of the MTJ region.
The MTJ region has experienced over 60 earthquakes of Ms -> 5.5 since 1853 [Oppenheimer et al., 1993] . Recent analysis of the physical characteristics of the Cascadia subduction zone and seismicity of the Juan de Fuca-Gorda plate and surface deformation indicate the Cascadia subduction zone may be a well-coupled or fully locked system with potential for large (Ms -> 8) subduction zone earthquakes [Carver and Burke, 1989; Clarke and Carver, 1992; Heaton and Hartzell, 1987] . In the subduction regime, earthquakes are common to depths of 40 km and largely result from internal deformation of the subducting Gorda slab and slip along the Mendocino fracture zone [Castillo and Ellsworth, 1993] . In contrast, in the transform regime, earthquakes are normally shallower than ---15 km and reflect the right-lateral motion between Pacific and North American plates [Castillo and Ellsworth, 1993] .
Geologic Overview
Northern coastal California records a history of subduction and accretion that has been active since at least the Early Cretaceous [Dickinson, 1981] (Figure 1) . The Franciscan complex increases in age and metamorphic grade inboard and is largely composed of metasedimentary rocks. It has been divided into three belts: the Coastal belt, consisting predominantly of a Tertiary accretionary complex; the Central belt, a tectonic m61ange of Early Jurassic to Tertiary(?) age; and the Eastern belt, Jurassic to Cretaceous blueschist-facies rocks (Figure 1) [Blake et al., 1985] . Onshore, the Eel River Basin consists of up to 4 km of Miocene and younger sedimentary rocks that lie unconformably on Coastal and Central belt Franciscan complex . Line 9 is roughly parallel to the geologic strike of the region and is therefore approximately in the same Franciscan subterrane throughout its length (Figure 1) .
North of the present-day MTJ, the Franciscan belts along the Cascadia subduction zone are overlain by the Klamath terrane, composed of arc-related rocks of Paleozoic to Late Jurassic age [Harper, 1980] . Accretion of the Klamath terrane to the North American margin occurred during the Late Jurassic [Blake and Jayko, 1986] an overall absolute value rms fit of 82 ms to first arrivals. In addition to travel time modeling, we have also incorporated a depth-migrated single-fold image of the precritical reflections from offsets of _<30 km, and gravity modeling, to constrain possible tectonic models.
Velocity and Interface Modeling
The velocity modeling was carried out in two stages. First, travel times for P•7, defined as the diving wave in the crust, were picked, and these travel times were inverted for velocity. The final inversion model has a 1 km square grid velocity parameterization and a 20-km-horizontal x 4-km-vertical smoothing operator applied. The Franciscan complex has few coherent seismic reflectors. Hence we are unconcerned with midcrustal events in this data set since they are isolated features (observable on fewer than three shot gathers; for a detailed discussion of the effect the Franciscan complex has on the wave field, see Lendl 
Constrained Gravity Modeling
Prior to collecting the MTJSE data, little was known about crustal structure in northern California. Existing data included unreversed seismic refraction data [Warren, 1981] [Benz et al., 1992] . This restricted models of the gravity field to making broad assumptions based on these sparse data and observations of Benloft zone seismicity [e.g., Jachens and Griscom, 1983] . With our new seismic data we are able to refine the crustal structure used in these earlier models and hence to utilize the gravity data to further constrain various models of lower crustal/upper mantle geometry.
3.2.1. Jachens and Griscom model (Figure 7a ). Jachens and Griscom [1983] As seen in Plate 2a, Bouguer gravity along line 9 can be modeled incorrectly using a model similar to that of Jachens and Griscom (rms residual of 4.8 mGal). "Incorrect" because, unlike the profiles of Jachens and Griscom, line 9 does not cross any exposed Klamath rocks. Furthermore, the velocity field presents no indication of significant velocity differences, and hence inferred density differences, in the upper --•20 km of crust (Plate 1) [cf. Beaudoin et al., 1996] . Without the Klamath body, this "Jachens and Griscom"-type model does not fit the observed Bouguer gravity (Plate 2a). We are therefore compelled to evaluate a suite of models, based on our velocity model, that vary only in lower crustal or upper mantle geometry in order to determine permissible plate geometry beneath line 9.
Gravity models derived from the velocity model.
Below we discuss additional constraints that gravity modeling, based on our velocity model, offers to understanding lithospheric structure in the vicinity of the Mendocino Triple Junction and in particular along the southern edge of the Gorda slab. A smoothed version of our velocity model was converted to MacRay format for the gravity modeling [Luetgert, 1992] . Features in these density models that are held constant are the density structure of the Franciscan rocks above 20 km depth and the apparent dip of the Gorda plate. In all of these 2.5-D models, the thickness of Gorda lithosphere is based on a trench age of 5.3 Ma and a half spreading rate of 38 mm/yr for the last 5 Myr [Riddihough, 1984] 
Adjusted gravity Moho (Plate 2c):
The first logical modification to our direct conversion model is to adjust the gravity Moho to coincide with the modeled reflector depths from the wide-angle reflections. This is justified because the tomographic inversion smoothes this contrast, as discussed above. A density discontinuity was therefore introduced to coincide with the basal crustal reflectors. With this change, the observed Bougucr anomaly is remarkably well matched (rms residual of 9.7 mGal), implying that most of the gravity anomaly can be accounted for by structure in the lower crust. The predicted anomaly is only weakly sensitive to the variations in mantle geometry if the mantle density remains constant along the profile. . Using our preferred model (Plate 2d) as a starting point, we have calculated gravity along our profile for three models and compare it to both the observed Bouguer gravity along line 9 and the calculated gravity from our preferred model. In these models the southern edge of the Gorda slab is moved from model coordinate 105 km by -50 km (rms residual of 7.9 mGal), -25 km (rms residual of 6.4 mGal), and + 25 km (rms residual of 6.3 mGal). We conclude that our preferred location of SEDGE could be in error by _+25 km but that a shift of 50 km is precluded by our modelling. In summary, first-order features from the velocity model that we demonstrate are needed to fit gravity data are the thickening of the overlying Franciscan terrane near the center BEAUDOIN ET AL.: SOUTHERN EDGE OF THE GORDA SLAB 30,113 of our profile, the existence of a higher-density (relative to overlying Franciscan) lower crustal layer on the southern end of our profile, and the truncation of the Gorda plate near the center of our profile. Furthermore, given these features constrained by our seismic study, the gravity model requires the presence of high-density material below the Moho on the southern end of our profile. [Lendl, 1996] .
Discussion
We interpret the deep structure beneath line 9 determined from seismic and gravity data to indicate that the southern edge of the Gorda slab is between shot points 905 and 906 (Plate 3a). Changes in Gorda crust reflectivity and cessation of slab-associated seismicity --•30 km north of this edge may be due to either changes in slab continuity or a change in lithologies and therefore impedance contrast and coupling, across the North American-Gorda plate boundary. On the basis of our velocity and gravity modeling our model is generally compatible with that of Jachens and Griscom [1983] [Furlong and Fountain, 1986; Liu and Furlong, 1992] . However, for decompression melting to be the mechanism creating this layer requires that we invoke maximum decompression melting, complete melt segregation, and nearly instantaneous quenching to produce the structure observed, i.e., conditions that seem unlikely. A second explanation is that this body is a preexisting structure of unknown origin (Plate 3c), which also seems unlikely since we see no evidence for similar lower crustal structure north of this region. It seems an unlikely coincidence that such a preexisting feature would coincide with the southern edge of the Gorda slab today, rather than arbitrarily in the past or future. Our preferred explanation is a model whereby basal underplating is occurring at expected rates but at a lower rate than required to create the entire thickness of mafic material modeled here (Plate 3d 
Conclusions
The MTJSE provides new seismic data that image changes in crustal and uppermost mantle structure associated with the passage of the Mendocino Triple Junction. The crustal velocity model shows, on average, a laterally homogeneous velocity for the Franciscan terrane and the greatest thickness of -<7.0 km/s lithologies in the center of our profile. The high densities and velocities at 23 km depth in the center of our profile are interpreted as newly accreted material at the base of the Franciscan rocks, perhaps coupled with alteration of the lower crust or assimilation into melt triggered by upwelling asthenosphere. This newly accreted material has been tectonically thickened in response to either underthrust oceanic crust or newly accreted material that is coupled to the Pacific plate and is therefore moving north relative to the overlying North American plate. Important in our observations and interpretation are the variations of lower crustal reflectors along line 9 and the thickening of mantle lithosphere to the south. The variations in lower crustal reflectors and the apparent absorption of seismic energy from the southern shots support a zone of increased scattering, intrinsic attenuation, or both, resulting from mechanical mixing of lithologies and/or partial melt in the central region of line 9 beneath the onshore projection of the Mendocino fracture zone. This zone of attenuation combined with the southward thickening mantle lithosphere indicates that our profile crosses the southern edge of the Gorda plate and that directly adjacent to this edge is an asthenospheric window.
